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SOIL  MOISTURE  DEPLETION  BY  GAMBEL  OAK  IN  CENTRAL  UTAH 

by 

Ronald  K.  Tew1 
ABSTRACT 

Aspect  and  elevation  of  site  and  age  of  vegetation  affect  the  amount 
of  soil  moisture  depleted  by  Gambel  oak  (Quercus  gambelii  Nutt.) 
during  the  growing  season  in  central  Utah.  More  soil  moisture 
was  lost  at  the  higher  elevation  (7,900  feet)  than  at  the  lower 
(6,600  feet)  on  all  aspects.  A  south -facing  site  at  the  higher  ele- 
vation lost  the  most  moisture,  whereas  one  at  the  lower  elevation 
lost  the  least.  Most  available  soil  moisture  was  depleted  to  a 
depth  of  6  feet  on  all  sites  during  seasons  of  normal  rainfall.  Re- 
moving oak  and  allowing  regrowth  of  a  vigorous  sprout  stand 
reduced  soil  moisture  depletion  nearly  an  inch  during  the  year 
following  cutting,  but  by  the  end  of  the  third  year,  sprout  stands 
were  using  up  to  an  inch  more  soil  moisture  than  mature  stands. 

Gambel  oak  (Quercus  gambelii  Nutt.)  occupies  large  areas  on  important  water- 
sheds adjacent  to  major  population  centers  in  the  West.    Information  on  soil  moisture 
depletion  by  this  species  is  becoming  more  important  as  the  need  for  additional  water 
becomes  more  pressing.    It  has  been  shown  that  between  11  and  13  inches  of  soil 
moisture  is  removed  by  Gambel  oak  and  associated  vegetation  from  the  top  8  feet  of 
coarse -textured  soil  on  a  south-facing  slope  in  northern  Utah  (Tew  1966)  f  The 


Associate  Plant  Physiologist,  stationed  at  Logan,  Utah,  at  Forestry  Sciences 
Laboratory,  which  is  maintained  in  cooperation  with  Utah  State  University. 
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research  reported  here  provides  additional  information  on  moisture  use  by  oak  growing 
on  finer  textured  soils  having  greater  water -holding  capacities  than  those  previously 
studied.    It  also  evaluates  the  influences  of  aspect  and  elevation  of  site  and  age  of 
vegetation. 

METHODS 

Mature  oak  clones  were  selected  at  six  locations  in  Ephraim  Canyon  in  central 
Utah.    These  sites  included  three  aspects  (north,  south,  and  west)  at  each  of  two 
elevations  (6,600  and  7,  900  feet)  that  represent  the  approximate  lower  and  upper 
boundaries  of  oak  in  this  area.  The  clones  were  selected  for  uniformity  in  density,  age, 
and  slope  at  each  elevation.   Since  oak  grows  taller  at  the  higher  elevation,  selection  of 
vegetation  of  uniform  size  was  impossible.    At  each  elevation  all  clones  were  chosen 
within  a  quarter  mile  of  each  other  to  minimize  climatic  variation. 

At  each  site,  an  area  40  feet  by  40  feet  was  divided  into  four  square  plots.  Bound- 
aries between  plots  were  trenched  to  a  2 -foot  depth,   so  that  the  root  systems  were 
severed  and  prevented  from  transporting  water  across  plot  boundaries.    Roofing  paper 
was  placed  in  the  trenches  to  impede  regrowth  of  the  roots,  and  the  trenches  were 
refilled. 

During  July  1963,  the  oak  was  clearcut  and  removed  from  two  of  the  plots  at  each 
site  and  a  sprout  stand  was  allowed  to  develop.   A  clearcut  buffer  strip  20  feet  wide  was 
established  on  the  outer  edges  of  the  experimental  area  at  each  site.    Thus  the  effects 
of  12  treatment  combinations  of  aspect,  elevation,  and  age  of  vegetation  on  water  use 
by  oak  were  compared.    This  arrangement  provided  for  two  replications  of  each 
combination . 

To  permit  use  of  a  neutron  soil  moisture  probe,  access  tubing  was  installed  to  a 
6 -foot  depth  using  a  jackhammer -type  drill.   Two  tubes  were  randomly  located  on  each 
of  the  24  plots,  providing  two  soil  moisture  sampling  points  for  each  replication  of  the 
treatment  combination.    Measurements  were  made  on  all  plots  in  early  May,  late 
July,  and  late  September  of  1964,  1965,  and  1966. 

A  soil  pit  6  feet  deep  was  dug  adjacent  to  each  site,  the  profile  was  described, 
and  samples  were  obtained  from  each  horizon.    Texture  was  determined  by  the 
Bouyoucos  hydrometer  method,  organic  matter  content  by  wet  digestion  with  chromic 
acid,  and  lime  content  by  acid  neutralization;  moisture -holding  properties  were 
evaluated  with  a  pressure  membrane  apparatus. 

An  analysis  of  variance  was  used  to  determine  if  differences  in  aspect  and  eleva- 
tion of  site  and  age  of  vegetation  significantly  affected  soil  moisture  depletion.  To 
detect  any  trends  developing  since  treatment,  a  separate  analysis  was  made  of  each 
year's  data. 
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SOIL  MOISTURE  DEPLETION 


The  effects  of  differences  in  aspect  and  elevation  of  site,  and  age  and  density  of 
vegetation  on  soil  moisture  depletion  were  tested  during  three  growing  seasons.  Table  1 
gives  seasonal  and  total  water  losses  for  the  various  treatments,   as  well  as  the  water 
loss--that  is,  the  water  loss  that  might  be  expected,  calculated  on  the  basis  of  the 
observed  maximum  differences  between  spring  and  fall  readings,  obtained  during  the 

3  years. 

Aspect.  -  -During  1964  there  was  a  significant  difference  in  moisture  depletion 
between  the  south  aspect  and  the  other  two  aspects.    Between  north  and  west  aspects, 
differences  in  depletion  were  not  statistically  significant.    A  highly  significant  inter- 
action was  noted  between  aspect  and  elevation;  most  soil  moisture  was  lost  at  7,  900  feet 
elevation  on  the  south  aspect,  and  least  at  6,600  feet  (table  1).    In  1965,  only  minor 
differences  were  detected  between  aspects  at  either  elevation;  more  precipitation  oc  - 
curred  in  this  season,  resulting  in  less  soil  moisture  depletion.    The  differences 
among  aspects  were  significant  again  in  1966,  when  the  south  aspect  again  had  the 
greatest  moisture  depletion  at  7,900  feet  and  the  least  at  6,600  feet.    In  that  year, 
because  of  an  exceptionally  dry  spring  season,  some  of  the  available  soil  moisture 
evaporated  on  the  south  aspect  at  6,600  feet  before  the  early  May  readings. 

Elevation.  -  -During  all  3  years,  oak  at  the  higher  elevation  extracted  significantly 
more  soil  moisture  than  did  the  oak  at  the  lower  elevation  (table  1).    Two  factors 
probably  were  largely  responsible  for  the  greater  losses:  (1)  the  oak  was  approximately 

4  feet  taller  at  the  higher  elevation  and  thus  had  a  larger  leaf  area,  and  (2)  the  soils 
there  were  deeper  and  better  developed  and  had  greater  moisture -holding  capacity  than 
soils  at  the  6,600  feet  elevation. 

Age  of  vegetation.  -  -In  1964  the  mature  oak  used  considerably  more  soil  moisture 
during  the  early  part  of  the  growing  season  but  the  moisture  was  rapidly  depleted  on  the 
cut  plots  as  soon  as  a  vigorous  sprout  stand  developed  (table  1).  Although  the  difference 
is  not  statistically  significant,  during  that  year  approximately  an  inch  more  soil  moisture 
was  depleted  under  mature  stands  than  under  sprout  stands.    During  1965  little  dif- 
ference could  be  detected  between  age  groups  at  6,600  feet  elevation,  but  the  differences 
at  7,900  feet  were  great  enough  to  make  age  of  vegetation  a  statistically  significant 
factor.   Measurements  during  1966  indicated  a  reversal  in  trend;  sprout  stands  were 
now  using  significantly  more  moisture  (5  to  1  inch  more)  than  mature  oak  during  the 
growing  season. 

Season  of  use.  -  -Most  soil  moisture  was  depleted  during  the  early  part  of  the  grow- 
ing season  (table  1).   The  surface  3  feet  was  essentially  dry  by  the  end  of  July.  Late 
season  moisture  losses  occurred  mainly  from  the  lower  portions  of  the  soil  profile. 

Depth  of  loss.  -  -Oak,  being  a  deeply  rooted  plant,  is  able  to  extract  soil  moisture 
from  great  depths.    Little  variation  exists  in  the  amount  of  moisture  removed  from  the 
first  4  feet  of  the  soil  profile.    At  the  5-  and  6 -foot -depth  levels  there  was  somewhat 
less  depletion.    Most  of  the  available  moisture  was  removed  from  the  entire  6  feet  of 
soil  by  the  end  of  each  growing  season. 
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Table  1.  -  -Seasonal  and  total  soil  moisture  depletion  by  Gambel  oak  during 


the  growing  season,  according  to  plot  treatment 


Treatment 


:  Seasonal  losses  (1964):  Total  depletion  : 
:  May-July  :  Aug -Sept  :     1964  :   1965  :  1966: 


Maximum  water  losses 


North  aspect 

Mature  trees  8  .  33 
Sprouts  7.19 


Inches 


6,  600 -FOOT  ELEVATION 

2.09  10.42      6.29  8.44 

3.40  10.59      6.60  10.32 


11.09 
12.26 


South  aspect 

Mature  trees  7.85  0.44  8.29  5.86  4.16 
Sprouts  7.25  0.37  7.62       6.72  4.03 


9.00 
8.53 


West  aspect 

Mature  trees       7.84  1.90  9.74      5.58  9.67 

Sprouts  6.49  3.07  9.56      5.19  10.49 


10.70 
11.42 


7,  900 -FOOT  ELEVATION 


North  aspect 

Mature  trees       8.86  2.89  11.75      9.46  8.74 

Sprouts  7.55  3.06  10.61      6.44  8.87 


12. 19 
11.45 


South  aspect 

Mature  trees       8.23         4.73  12.96      8.87  10.12 

Sprouts  5.58  5.90  11.48      7.42  12.43 


14.28 
14.79 


West  aspect 

Mature  trees       8.67  1.42  10.09      8.71  8.03 

Sprouts  7.69  1.53  9.22      7.13  7.04 


11.06 
10.27 


Based  on  maximum  difference  between  spring  and  fall  measurements  using  all  3 
years'  data. 
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EVAPOTRANSPIRATION 


If  deep  seepage  is  negligible  and  no  overland  flow  occurs,  evapotranspirational 
loss  can  be  estimated  by  adding  growing  season  precipitation  to  soil  moisture  depletion. 
There  was  little  difference  in  this  sum  between  1964  and  1966  when  rainfall  was  com- 
parable (table  2).  In  1965,  when  rainfall  was  greater,  the  estimated  evapotranspiration 
was  also  greater.    There  was  less  soil  moisture  depletion,  but  greater  moisture  loss 
from  precipitation,  resulting  in  as  much  as  5  inches'  additional  evapotranspiration 
during  1965.   Summer  precipitation  generally  occurs  in  small  amounts  at  widely  spaced 
intervals  of  time.    Therefore,  it  is  readily  lost  through  post  storm  evaporation  from 
soils  and  plants  and  from  transpiration  of  readily  available  surface  soil  moisture. 

SOIL 

The  depth  and  quality  of  soil  on  the  various  sites  was  one  of  the  major  factors 
determining  the  amount  of  soil  moisture  depletion.    The  soils  are  high  in  clay  content, 
which  generally  exceeds  35  percent  (table  3).  Silt  content  is  generally  near  30  percent 
in  all  profiles.    Sand  varies  greatly  from  one  profile  and  depth  to  another.    Rocks  are 
more  prevalent  at  the  lower  elevations  than  at  the  upper,  where  few  were  observed  in 
the  surface  3  feet.  On  the  south  and  north  aspects  at  the  lower  elevation,  stones  greater 
than  4  inches  in  diameter  were  found  distributed  throughout  the  profile.    Soils  at  the 
lower  range  of  oakbrush  are  generally  poorly  developed,  having  a  greater  proportion  of 
rocks  and  less  clay  than  those  at  higher  elevations.   This  may  partially  account  for  the 
lower  moisture  depletion  observed  at  the  lower  elevations. 

These  soils  developed  from  parent  materials  high  in  lime  content.   At  the  lower 
elevation,  lime  was  only  partially  leached  to  shallow  depths,  and  the  subsurface  soils 
here  generally  had  more  than  50  percent  lime.    At  the  upper  elevation,  a  larger  pro- 
portion of  lime  had  leached  from  the  surface  soils,  thus  changing  the  pH  and  affecting 
the  availability  of  plant  nutrients.    Although  lime  content  is  not  directly  related  to 
water  use,  it  does  indicate  the  depth  of  soil  development,  which  in  turn  is  related  to  the 
amount  of  available  moisture  the  soil  can  hold. 

Organic  matter  content  is  directly  related  to  the  moisture -holding  properties  of 
the  soil.    Soils  at  the  higher  elevation  had  more  organic  matter  extending  to  greater 
depths,  a  quality  that  was  reflected  in  the  higher  moisture -holding  capacities  in  their 
surface  horizons.  They  held  more  available  moisture  and  they  also  lost  more  moisture 
during  the  growing  season  than  did  those  soils  at  the  lower  elevation.    Organic  matter 
content  and  texture  are  reflected  in  the  values  for  1/3-  and  15 -atmosphere  moisture 
contents  of  soils.    The  difference  between  these  percentages  is  the  available  soil 
moisture.    The  variation  in  the  amount  of  available  soil  moisture  from  site  to  site 
affected  the  amount  of  moisture  used  by  the  oak  at  these  various  locations. 
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Table  2.  - -Evapotranspirational  losbes  during  three  growing  seasons  on 


various  aspects,  elevations,  and  ages  of  vegetation 


:  1964  :  1965  :  1966 

Treatment  =r=— —  - — — — — — —  ;  — — 

 :    Precip.        ET      :     Precip.       ET     :     Precip.  ET 

 Inches  

6, 600 -FOOT  ELEVATION 


North  aspect 

Mature  trees  13.73  15.36  12.45 

Sprouts  13.90  ^           15.67          '  14.33 

South  aspect 

Mature  trees  11.60  14.93  8.17 

Sprouts  6'6           10.93  15.79          '  8.04 

West  aspect 

Mature  trees  13.05  _        14.65  13.68 

Sprouts  6'6           12.87  ^           14.26          '  14.50 

7,  900-FOOT  ELEVATION 

North  aspect 

Mature  trees  15.73  20.11  13.54 

c       ♦  3-98          i/i  rn  10.65            nn  4.80 

Sprouts  14.59  17.09  13.67 

South  aspect 

Mature  trees  16.94  19.52        .  Qn  14.92 

c       <-  3-98          ie  a*  10.65            n_  4.80 

Sprouts  15.46  18.07  17.23 

West  aspect 

Mature  trees  14.07  19.36  12.83 

c       *  3-98          ii  on  10.65            _D  4.80 

Sprouts  13.20  17.78  11.84 


l 

Based  on  soil  moisture  depletion  plus  growing  season  precipitation. 
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Table  3.  -  -Soil  properties  on  six  oakbrush  sites  in  Ephraim  Canyon 


Aspect 

Depth 

Texture 

Org. 
mat. 

Lime  - 

Moisture  contents  by  weight 

Sand  :  Silt  :  Clay 

1/3  Atm.  :  15  Attn.:  A  vail.  HO 

Inches   Percent 


6,  600 -FOOT  ELEVATION 


North 

0-13 

23 

.9 

28. 

4 

47 .7 

3 

38 

11 

4 

30 

.27 

16 

.92 

13. 

35 

13-25 

24 

.7 

32. 

1 

43.2 

1 

19 

31 

1 

24 

.  30 

12 

.68 

11 . 

62 

25-40 

42 

.3 

6. 

0 

51.7 

0 

51 

40. 

0 

19 

.91 

7 

.48 

12. 

43 

40-62 

13 

.8 

31. 

9 

54.  3 

0 

29 

54 

5 

24 

.95 

8 

.52 

16. 

43 

62-72 

33 

.0 

28. 

9 

38. 1 

0 

23 

16 

5 

34 

.29 

17 

.08 

17. 

21 

South 

0-8 

38 

.9 

28. 

2 

32.9 

6 

36 

23 

3 

24 

.66 

13 

.61 

11. 

05 

8  -32 

27 

.7 

29. 

9 

42.4 

1 

39 

51 

0 

19 

.46 

8 

.  36 

1 1 . 

10 

36  -72 

25 

4 

32.0 

42.6 

1 

39 

53 

0 

22 

45 

8 

D 

.90 

1  3 

West 

0-9 

27 

6 

oo . 

2 

37.2 

3 

50 

23 

5 

25 

.42 

14 

.38 

11. 

04 

9-38 

19 

.8 

34. 

6 

45.6 

0 

82 

39 

0 

27 

.04 

13 

.36 

13. 

68 

38-45 

20 

0 

43. 

6 

36.4 

0 

49 

14 

5 

32 

.38 

7 

.  16 

25. 

22 

45-51 

0 

0 

45. 

8 

54.2 

0 

97 

55. 

5 

26 

.80 

10 

.  34 

16. 

46 

51-72 

2 

.7 

52. 

5 

44.8 

0 

45 

55 

0 

19 

.84 

8 

.65 

11. 

19 

7,  900 -FOOT  ELEVATION 

North 

0-12 

25 

.0 

39. 

1 

35.9 

8 

90 

3 

1 

32 

.49 

19 

.00 

13. 

49 

12-20 

24 

.8 

32. 

5 

42.7 

5 

95 

2 

8 

31 

.56 

18 

.72 

12. 

84 

20-25 

14 

.8 

28. 

7 

56 . 5 

1 

39 

5 

5 

30 

.82 

16 

.28 

14 

54 

ZD  -o4 

A 

.  4 

30. 

9 

56.7 

1 

33 

45 

0 

25 

.  4U 

1 1 

O  A 

.  o4 

1  0 

13. 

-c 

DO 

34-72 

24 

.7 

30. 

3 

45.0 

0 

45 

10 

3 

25 

.90 

13 

.78 

12. 

12 

South 

0-10 

15 

.8 

35. 

5 

48.7 

5 

00 

23 

0 

31 

.80 

17 

.38 

14. 

42 

10-27 

23 

.  5 

29. 

4 

47. 1 

5 

84 

27 

0 

27 

.08 

15 

.79 

11. 

29 

27-49 

19 

.6 

30. 

1 

50.3 

2 

31 

34 

1 

24 

.59 

14 

.61 

9. 

98 

49-72 

25 

.0 

30. 

0 

45.0 

1 

78 

50 

5 

26 

.27 

11 

.85 

14. 

42 

West 

0-11 

19 

.8 

38. 

4 

41.8 

5 

20 

2 

9 

26 

.88 

15 

.99 

10. 

89 

11-32 

14 

.5 

30. 

0 

56.5 

2 

98 

3 

1 

31 

.92 

18 

.63 

13. 

29 

32-44 

26 

.0 

26. 

2 

47.8 

0 

66 

19 

5 

24 

.48 

13 

.  15 

11. 

33 

44-72 

27 

.2 

28. 

0 

44.8 

0 

51 

27 

6 

22 

.42 

11 

.33 

11 
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DISCUSSION 


Differences  in  soil  moisture  depletion  by  oak  were  affected  by  aspect,  elevation, 
and  age  of  vegetation.    Some  of  the  variation  caused  by  aspect  and  elevation  can  be 
attributed  to  differences  in  soil  depth  and  quality.    South  aspects  were  most  variable 
in  moisture  depletion,  having  high  use  rates  at  the  upper  elevational  limits  where  soil 
and  vegetation  are  conducive  to  large  evapotranspirational  losses.    Less  soil  moisture 
depletion  was  observed  at  the  lower  elevation  where  soils  generally  are  poorly  developed 
and  have  less  available  moisture .    Little  difference  was  noted  between  north  and  west 
aspects . 

If  oak  is  cut  and  a  vigorous  sprout  stand  is  allowed  to  develop,  little  saving 
in  moisture  can  be  expected  after  the  first  year,  although  the  season  of  use  is  slightly 
affected.  During  the  third  growing  season  the  sprout  stands  used  more  soil  moisture 
than  the  mature  stands. 

To  realize  a  substantial  increase  in  the  amount  of  soil  moisture  present  at  the 
end  of  the  growing  season,  and  therefore  an  increase  in  potential  water  yield  from  an 
area,  a  more  severe  treatment  would  have  to  be  imposed  than  merely  clearcutting  oak 
and  allowing  resprouting.    As  long  as  the  deep  root  systems  are  allowed  to  persist, 
soil  moisture  depletion  by  the  sprouts  will  continue  to  be  as  great  as  from  the  original 
stand. 

If  deep-rooted  oak  is  removed  and  shallow -rooted  grass  species  established, 
considerable  soil  moisture  depletion  might  be  eliminated,  especially  from  low  in  the 
profile  where  oak  roots  are  able  to  extract  much  water.    Treatments  probably  would 
be  more  effective  at  higher  elevations  where  soils  are  better  developed  and  more 
precipitation  is  received  each  year.    South  aspects  appear  to  have  the  highest  poten- 
tial for  depleting  soil  moisture.    Vegetation  conversion  on  these  sites  may  considerably 
reduce  the  amount  of  loss  occurring  at  lower  depths,  although  an  increased  loss  might 
occur  from  surface  soil  horizons.    Additional  information  on  soil  moisture  depletion 
by  several  grass  species  is  needed  for  comparison  with  oak  before  treatment  effects 
can  be  accurately  predicted  or  specific  treatments  recommended. 
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